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The U.S. Department of Energy (U.S. DOE) maintains several programs to study and understand
the health and environmental effects of exposure to low levels of energy-related agents. These
programs include research to understand the mechanisms of action of agents of concern and to
assess the risks associated with exposures of people and ecological systems to these agents.
They also include implementing appropriate occupational safety and health standards and
remediating waste sites to environmental standards. These programs require that the U.S. DOE
pursue a realistic understanding of the effects of exposures to small amounts of energy-related
agents. The largest of these programs involves hazardous waste remediation and includes
potentially harmful exposures to low levels of numerous agents. The U.S. DOE conducts
research to establish the scientific bases for the realistic assessment of risks of exposure to such
wastes. As part of the U.S. DOE efforts to understand the risks of low-level exposures to hazardous
waste, the Office of Health and Environmental Research and the Office of Environmental
Management recently launched a broad cooperative program. It is comprised of research projects
in nine general scientific areas and includes research on the health impacts and risk estimation of
exposure to low levels of hazardous wastes. Projects for this new cooperative research program
were selected from 610 applications and totaled approximately $47 million in fiscal year 1996.
This program marks a new approach by using basic research to reduce cleanup costs and to
develop scientific foundations for advances in environmental technologies. The research will also
examine the effects of exposure to low levels of chemical and radiological wastes. Environ
Health Perspect 106(Suppl 11:383-385 (1998). http.//ehpnetl.niehs.nih.gov/docs/1998/Suppl-1/
383-385beall/abstract.html
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Background
The [U.S.] Department of Energy
([U.S.] DOE) manages one of the
largest and most distinguished labora-
tory systems in the world. With origins
in the Manhattan Project ofW.W. II
(World War II), the [U.S.] DOE labo-
ratories have evolved over the past 50
years to become a major component of
the Nation's infrastructure for maintain-
ing U.S. leadership in scientific discov-
ery and knowledge generation. More
than 60 Nobel Prize winners have been
associated with the Department or its
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laboratories, including four of the five
U.S. scientists who won Nobel Prizes in
physics and chemistry in 1995 (1).
Throughout its history the U.S. DOE and
its predecessor agencies have been concerned
about the effects ofexposure to toxic agents
at low levels. This concern is addressed by
several U.S. DOE offices and activities and
is reflected in the U.S. DOE's health and
environmental research programs.
Since its beginning the U.S. DOE has
maintained long-standing research programs
to understand and better protect the health
and safety ofits workers. In the early years
the health programs included conducting
basic research to understand the health and
ecological hazards ofradiation and monitor-
ing workers and others who through occu-
pational work or military operations were
exposed to it. Subsequently, the program
expanded to include all ofthe common ele-
ments ofoccupational safety and health,
extended to chemical exposures, and
focused more on the effects oflong-term,
low-level exposures to radiation.
In 1974 the U.S. Congress passed
the Federal Nonnuclear Research and
Development Act (2). It extended the U.S.
DOE's responsibilities to include basic and
applied research on nonnuclear energy tech-
nologies. It also charged the Department
with developing new energy technologies
that are safe and minimize the effects on
health and the environment.
Since then U.S. DOE research has
addressed the health and environmental
effects ofshort- and long-term exposures
to energy-related chemicals and radiation
and the effects ofnew energy-related tech-
nologies. The research has emphasized
understanding the effects of long-term
low-level exposures and the information
it produced formed the basis of national
and international radiation standards
that are used by industry, academia, hos-
pitals, cancer treatment centers, and
numerous governments.
In addition to continuing research to
understand the health effects of exposure
to radiation and toxic chemicals in the
workplace, the U.S. DOE maintains long-
term research on new energy technologies
such as solar energy systems, fossil energy
combustion, and conservation. For decades
these efforts also included research to
understand the effects of long-terms low-
level exposures to chemicals and radiation
associated with energy technologies.
Low-level Exposures
to Hazardous Waste
A widely publicized responsibility of the
U.S. DOE is to remediate numerous haz-
ardous waste sites that were created during
the U.S./Russian Cold War. This U.S.
DOE legacy ofWorld War II and the Cold
War includes 3700 contaminated sites in
34 states and territories. It also includes 330
underground storage tanks containing
77 million gal of high-level radioactive
wastes and mixed wastes and extends to
1200 facilities that must be decontaminated
and decommissioned (3).
The costs to remediate all such U.S.
DOE sites will be hundreds of billions of
dollars. The responsibility to remediate
these sites resides in the U.S. DOE Office
of Environmental Management (EM).
Through this office the U.S. DOE admin-
isters the largest environmental restoration
and waste management program in the
world. It exceeds all U.S. Environmental
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Protection Agency superfund activities and
costs over $7 billion peryear.
In years past, EM research focused on
developing more effective remedial tech-
nologies and engineering alternatives. In
1995 the Secretary of Energy's advisory
board, the Task Force on Alternative
Futures for the Department of Energy
National Laboratories, issued a detailed
report on suggestions for improving the
U.S. DOE role (3). It included several sug-
gestions for addressing waste problems and
highlighted U.S. DOE obligations to
develop cost-effective remediation tech-
nologies and to pursue basic research to
understand risks associated with the wastes.
The report (3) stated:
There is a particular need for long term,
basic research in disciplines related to
environmental deanup....Adopting a sci-
ence-based approach that includes sup-
porting development oftechnologies and
expertise.. could lead to both reduced
cleanup costs and smaller environmental
impacts at existing sites and to the devel-
opment of a scientific foundation for
advances in environmental technologies.
In the appropriations law for Fiscal Year
(FY) 1996, the U.S. Congress directed the
U.S. DOE to "develop a program that
takes advantage oflaboratory and univer-
sity expertise," and "seek new and innova-
tive cleanup methods to replace current
conventional approaches which are often
Table 1. Scientific areas into which applications were
segregated for review.
Major scientific
discipline
Comments/subject areas for
panel review
Plant sciences One panel
Analytic chemistry Two similar panels
General chemistry Separate panels for
Separation methods
Catalysis
Heavy element chemistry
General inorganic chemistry
Geology Separate panels for
Geophysics
Geochemistry
Flow modeling
Flowfield
Biogeochemistry
Engineering sciences One panel
Materials sciences Two similar panels
Health and One panel; included
risk assessments ecological risk assessment
Bioremediation Three similar panels
Grant applications were reviewed by 14 groups of
experts.
costly and ineffective" (4). Congress also
directed the U.S. DOE to spend $50 mil-
lion of its FY 1996 funds for these activi-
ties. The mandate included a requirement
to conduct basic research to better charac-
terize the health consequences ofexposure
to chemicals and radiation (4).
To develop this basic research program,
the U.S. DOE issued a request for grant
applications (RFA 96-10) (5). In response
to the request, investigators submitted 2250
preliminary applications. U.S. DOE scien-
tists reviewed these preliminary applications
to determine whether they met the follow-
ing criteria: a) the proposed research was
basic in nature and b) the research addressed
an area ofprogrammatic interest to EM.
The U.S. DOE then requested formal
grant applications from the authors ofpre-
liminary applications that met both crite-
ria. A total of810 such requests resulted in
610 formal grant applications.
The 610 formal applications were segre-
gated into eight primary and six secondary
scientific areas involving reviewers assem-
bled into 14 panels (Table 1). The peer
review process involved over 100 scientists
from academia, industry, and government.
After segregation of the applications,
scientists gathered to review them. All sci-
entists reviewing a given area were provided
with copies ofall proposals in that area. A
primary reviewer and two secondary review-
ers were selected for each proposal. After an
opportunity for individual reviews, the sci-
entists assembled to discuss each of the
applications in their panel.
Each scientist then rated each proposal
and rendered his or her best opinion inde-
pendently of the opinions of the other
reviewers. No attempt was made to obtain a
consensus opinion or develop a panel rec-
ommendation: Each reviewer's opinions and
comments were taken under advisement.
This process identified 188 meritorious
applications that each panel member in the
scientific panel rated as a project that the
U.S. DOE either must or should fund
(Table 1). These applications represented
118 universities and 70 national institutions
orlaboratories.
All scientifically meritorious applications
were reviewed one last time because insuffi-
cient funds prevented the U.S. DOE from
supporting all such applications. For this
final review the applications were separated
into 10 areas ofhigh programmatic impor-
tance, rather than by scientific discipline
(Table 2).
This review involved 57 experts drawn
only from program offices within the U.S.
DOE. Their task was to review all merito-
rious applications and identify those with
the greatest programmatic relevance to
U.S. DOE hazardous waste remediation
efforts. The available funds were then used
to support 139 ofthe top 188 applications
based on scientific merit and programmatic
relevance (Table 2). Of the 139 funded
grants 79 were awarded to universities, 55
to national laboratories, 2 to private non-
profit organizations, 2 to other government
agencies, and 1 to a corporation.
Nine of the applications were in the
health and risk assessment area. These
applications were funded at the level of
$8.4 million. All nine were directed toward
understanding low-level effects following
exposure to energy-related agents.
RFA 96-10 identified three major areas
of health research needs, all of which
involve better understanding ofthe conse-
quences oflow-level exposures (5). These
areas are: biomarkers and sensors ofexpo-
sure to contaminated media, multisite epi-
demiological studies, and relationship
between exposures and health impacts.
The final health effects and risk assess-
ment projects address these general goals:
* Develop antibodies to help monitor
exposure to polynuclear aromatic
hydrocarbons.
* Compare the bioavailability ofelemental
waste-laden soils using in vivo and
Table 2. Number of grant applications and those funded in each ofthe areas of programmatic relevance.
Applications rated by reviewers Rated applications
Area of need as must or should fund funded, no
Bioremediation 28 20
Contaminant plume characterization 20 17
Contaminant plume treatment 26 23
Environmental restoration (two panels) 16 and 15 22
Health and risk assessment 11 9
Mixed wastes 12 8
Radioactive waste tanks 12 12
Waste treatment and destruction 15 8
Waste forms, long-term storage, and spentfuel 17 8
Waste characterization and separation 16 12
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in vitro analytical systems to refine dose
and exposure models.
* Elucidate the mechanisms by which
trichloroethylene induces liver cancer
and provide a realistic basis for predict-
ing risks ofexposure to trichloroethyl-
ene. Research on toxicity mechanisms
will also be conducted on carbon tetra-
chloride and used to predict risk of
exposure to it.
* Develop human genetic markers for
resistance to the effects of radiation
and chemicals.
* Develop in vivomodels ofenvironmen-
tally induced malignancies to evaluate
the health impacts of chemicals in
mixed wastes (i.e., waste containing
chemicals and radiation).
* Elucidate genetic mechanisms involved
in immunological reactions to haptens
and to heavy metals such as beryllium,
which form haptens.
InAugust 1996 the U.S. DOE awarded
$47 million in new grants for basic
research needed to improve environmental
hazards as outlined by RFA 96-10.
Approximately 18% ofthe support focused
on research concerned with understanding
the consequences oflow-level exposures. In
announcing the awards Vice President Al
Gore said, "This first ofits kind program is
based on President Clinton's and my strong
belief that solving environmental problems
leads to economic opportunity-by creat-
ing new technologies, new businesses, and
newjobs" (6).
Both the U.S. DOE and the adminis-
tration favor continued support ofthe pro-
gram. The U.S. DOE included support for
the program in the FY 1997 budget
request, and that was approved by the
White House. Both the U.S. DOE and the
administration are actively seeking contin-
ued congressional support for the program.
Congressional response to the concept is
generally favorable.
Summary
To fulfill its legislative mandates the U.S.
DOE must understand the long-term
effects ofhuman and ecological exposures
to low levels of chemicals and radiation.
The U.S. DOE maintains active research
programs in both the health and ecological
areas to develop needed information about
low-level exposures. Recently the U.S.
DOE launched a basic research program
concerned with hazardous waste. This pro-
gram supported $47 million in basic
research in FY 1996, including $8 million
in health effects research focused on effects
caused by exposure to limited amounts of
toxic agents. This new research program is
managed as a cooperative effort ofthe U.S.
DOE's EM and Office of Biological and
Environmental Research.
Epilogue
A similar solicitation for grant applications
issued in 1997 resulted in about $20 mil-
lion of additional research in the general
areas described above. The 1997 program
includes three new research projects related
to understanding the effects oflow-level
exposures on health.
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